BACKGROUND AND PURPOSE: ENB is a rare malignant neoplasm that affects the anterior skull base. Disease stage is a significant predictor of survival, in particular the presence or absence of lymph node metastases. Multiple studies have identified the cervical lymph nodes as the most frequent site of spread; however, no studies have attempted to characterize the radiographic appearance of metastatic lymph nodes or identify the primary nodal drainage for these tumors.
NB, also known as olfactory neuroblastoma, is a malignant neoplasm of neuroectodermal origin. It is believed to arise from the olfactory epithelium lining the upper third of the nasal septum, the cribriform plates, and the superior turbinates. 1 First described by Berger et al in 1924, 2 ENB is a rare tumor, accounting for only 3%-6% of intranasal cancers. 3, 4 As such, much about its biology, clinical behavior, and optimal treatment remains poorly understood.
ENB presents clinically with unilateral nasal obstruction or epistaxis. While often indolent, it is nonetheless aggressive, characterized by local invasion as well as regional and distant metastases. Local invasion occurs most frequently into the paranasal sinuses, orbits, and anterior cranial fossa. Metastases most frequently involve the cervical lymph nodes, with distant metastasis reported to the lungs, liver, and bone. 3, 5, 6 There is no universally accepted staging system, but several have been proposed. Kadish et al 5 developed the first and most widely used system, but it has been criticized for requiring surgical staging, lacking prognostic value, and not incorporating metastatic spread. The modified Kadish staging system includes a fourth stage for patients with nodal or distant metastases. 7 The Dulguerov staging system uses the TNM classification and incorporates imaging data, thus allowing staging of patients treated with chemoradiation or otherwise deemed inoperable. 6 Disease stage on diagnosis, in particular the presence or absence of lymphatic spread, has been shown to be a significant predictor of survival. 4, 6, 8 Multiple studies have identified the cervical lymph nodes as the most common site of spread, but no studies have attempted to characterize lymphatic spread in the neck. 4, 7, [9] [10] [11] The route of lymphatic spread in other head and neck cancers has been more thoroughly studied and often demonstrates specific patterns. 12, 13 Notably, nasopharyngeal carcinoma has been shown to spread primarily to the RPNs.
14 This has important implications for both diagnosis and treatment because the RPNs cannot be palpated and can be difficult to approach surgically. Two recent case series have presented a total of 6 patients with ENB metastasizing to the RPNs. 15, 16 It is unclear from previous studies whether these are rare occurrences or common but unrecognized routes of spread.
While the definitive diagnosis of ENB rests on histopathologic examination, imaging plays a key role in staging the disease. The appearance of ENB on CT and MR imaging is not specific, but these imaging modalities have been shown, in many studies, to be effective at identifying the extent of tumor expansion across the cribriform plate and into the orbit and brain, as well as in the identification of metastatic lymph nodes. [17] [18] [19] [20] Despite several studies describing in detail the appearance of primary ENB on CT and MR imaging, no study, to our knowledge, has specifically detailed the appearance of metastatic cervical lymph nodes.
The primary objective of our study was to describe the patterns of spread of ENB into the cervical lymph nodes. The secondary objective of our study was to describe the imaging appearance of metastatic cervical lymph nodes from ENB.
Materials and Methods
We retrospectively reviewed the electronic medical records to identify patients with a diagnosis of ENB at the University of Pittsburgh Medical Center. We included only those patients with histopathologically confirmed ENB, either newly diagnosed or referred to our institution, who had undergone staging or restaging imaging with CT, MR imaging, or PET/CT. Our institutional review board approved this study.
All patients were staged according to a modified Dulguerov TNM staging system, with nodal stage based on the American Joint Committee on Cancer staging system for cancer of the nasal cavity and paranasal sinuses, as shown in Table 1 . 6, 21 One of 2 fellowship-trained
Certificate of Added QualificationϪcertified neuroradiologists with clinical focus in head and neck radiology initially interpreted all examinations for clinical purposes. One head and neck radiologist (B.F.B.), with 9 years of experience evaluating ENB, performed a second review of the examinations of all patients with surgically proved lymph node metastases, to confirm or further define the pattern of spread and size of the largest lymph node as well as to characterize the appearance of metastatic lymph nodes on CT and PET/CT. Lymph nodes were classified according to surgical levels, with the following additional categories: RPNs and parotid/facial nodes. 12 We evaluated 3 characteristics of the imaging appearance of metastatic lymph nodes: 1) the proportion of the node that enhanced with contrast, as a means of characterizing nodes as cystic or solid in appearance, 2) the degree of contrast enhancement, and 3) the degree of FDG avidity. Because standardized uptake values are not considered a reliable measure of malignancy, FDG avidity was subjectively categorized as absent, low, moderate, or high. The degree of contrast enhancement was compared with that of neck arteries and submandibular glands. Enhancement was categorized as absent (equal to that of noninvolved lymph nodes), mild (equal to or less than that of submandibular glands), moderate (between that of glands and arteries), or maximal (equal to that of neck arteries). All CT scans were obtained with 100 -125 mL of contrast, by using a 45-second imaging delay. Median overall survival was determined for patients with a new diagnosis of ENB and was calculated from the date of histopathologic confirmation of disease. Median progression-free survival, defined as the time period between diagnosis of ENB and radiographic or histopathologic evidence of disease progression, was also calculated for all patients with a new diagnosis of ENB.
Results
We identified 48 patients with histopathologically confirmed ENB, including 43 (90%) with a primary diagnosis of ENB and 5 (10%) referred to our center for treatment of disease recurrence. Of the 48 patients, 33 (69%) were male and 15 (31%) were female. The mean age at diagnosis was 50 years, with a range of 14 -88 years.
Pathologic grade based on the Hyams grading scale was present in the pathology reports of 26 patients (Table 2) ; 20 (77%) were considered low-grade (grade I or II), while only 6 (23%) cases were considered high-grade (grade III or IV). Table 2 also presents the TNM staging, based on clinical and radiologic data, for the 43 patients for whom staging data were available. Most of the patients presented with T1 disease (confined to the nasal cavity or paranasal sinuses). Only 5 (12%) patients presented with nodal disease at initial staging. Distant metastasis to the lungs was present in 1 patient at initial staging.
All patients except 1 (98%) were treated with surgery for the primary tumor, either complete resection or debulking. A majority of patients (54%) were also treated with radiation therapy, while 25% underwent chemotherapy. The 1 patient not treated with surgery was a 14-year old girl with metastatic disease on presentation, who was treated with chemoradiation and showed no evidence of disease at her most recent follow-up 5 years after diagnosis. Evidence of progression was eventually found in 10 of the 43 patients (23%) who were initially diagnosed at our institution. The median time interval to recurrence in these 10 patients was 45 months (range, 16 -101 months). The cervical lymph nodes were the most frequent site of progression, discovered in 7 patients, representing 16% of all patients and 70% of patients with disease progression. Of the 7 patients with treatment failure in the neck, 4 had no evidence of local progression at the time that nodal disease was discovered. Furthermore, none of the patients with treatment failures in the neck had evidence of nodal disease at the time of initial staging. Local progression was discovered in 6/43 patients (14%), and distant metastases were discovered in 4/43 patients (9%).
Spread of disease to the cervical lymph nodes was discovered in 14/48 patients (29%). Of the 14 patients, 5 (36%) were discovered to have lymph node involvement at initial staging, while 9 (64%) developed progressive disease in the cervical nodes on radiologic follow-up.
Level II lymph nodes were the most frequently involved, discovered in 13/14 (93%) cases (Table 3) . Level I and III nodes and RPNs were also frequent sites of involvement, found in 8/14 (57%), 7/14 (50%), and 6/14 (43%) cases respectively. Levels IV and V were involved only in cases with disease widely metastatic to the neck nodes.
On CT, metastatic lymph nodes were predominantly to completely solid in appearance (Table 3 ). In only 1 patient was a predominantly cystic metastatic node seen on CT. Additionally, metastatic lymph nodes always showed some degree of contrast enhancement, with 13/14 (93%) showing moderateto-maximal enhancement (Fig 1) . Two patients with cervical metastases did not have a staging PET/CT. Of the 12 patients with PET/CT studies, most metastatic lymph nodes were moderately to highly FDG-avid (Fig 2) , with only 3/12 (25%) patients having metastatic lymph nodes with low FDG avidity. The lymph nodes with low avidity were solid nodes of intermediate size that had varied enhancement characteristics.
The median follow-up in the 40 patients with a primary diagnosis of ENB was 41 months. Only 1 patient was docu- mented as having died as a result of progression of ENB. The median documented period of progression-free survival in the 43 patients with a primary diagnosis of ENB was 31 months, with 33 patients (77%) showing no evidence of disease progression at their most recent follow-up.
Discussion
While ENB remains a poorly understood tumor, metastasis to cervical lymph nodes is well-documented and has been shown to be a significant predictor of survival. 6, 7, 8 In our study, we found an incidence of cervical lymph node metastasis of 29%, similar to several previous studies and meta-analyses showing incidences of 20%-30%. [4] [5] [6] [8] [9] [10] [11] 13, 22 The patterns of nodal metastasis are well-understood in many head and neck cancers, but to our knowledge, no previous study has sought to describe the specific route of nodal spread in ENB. Our study suggested some predictable patterns of cervical node metastases. Level II nodes were involved in almost all patients with nodal disease. The involvement of level II nodes is not surprising given their known drainage of the nasal cavity and nasopharynx and frequent involvement in other carcinomas from this region. [12] [13] [14] 23 Levels I and III nodes were involved at least 50% of the time.
The RPNs primarily drain the nasopharynx, paranasal sinuses, soft palate, oropharynx, and middle ears. Given the location of ENBs in the nasal cavity and paranasal sinuses, it is conceivable that the RPNs would serve as a route of metastatic spread. Our study discovered RPN involvement in 43% of patients with nodal disease. This finding in conjunction with 2 recent case series documenting histopathologically proved metastasis to the RPNs indicates that radiologists should be vigilant in exploring the retropharyngeal space when interpreting imaging studies of patients with ENB. 15, 16 This is particularly important given the difficulty in clinically assessing RPNs and the fact that they are not always included in neck dissections. In fact, 1 patient in our series underwent a neck dissection after multiple nodes were identified clinically. The patient did not undergo a staging PET/CT before the surgery, but a follow-up PET/CT showed metastatic disease in RPNs, a finding that might have caused the oncologists to defer surgery if it had been identified preoperatively.
While the prognostic significance of the specific nodes involved in cervical metastasis was not studied, understanding the routes of lymphatic spread is important for several reasons. First, understanding the most frequently occurring sites of metastatic spread can help guide radiologists when reviewing staging imaging, as well as surgeons performing neck dissections. Second, some authors have advocated elective neck dissection or irradiation in clinically negative necks. 9, 11, 22 Kadish et al 5 found the rate of nodal disease to be Ͻ20% of patients and, therefore, not warranting elective treatment. However more recent studies have found the rate of cervical nodal disease to be Ͼ20%. 9 -11,22 These apparent higher rates of nodal disease may be due to such factors as improvements in diagnostic techniques or longer follow-up. In either case, a clear understanding of both the frequency and route of cervical nodal spread is imperative in determining whether elective neck therapy should be undertaken. In this study, only 10% of patients were identified as having nodal involvement at initial staging; however, 19% of patients developed disease progression to the cervical lymph nodes during posttherapy surveillance. Of the 7 patients with treatment failures in the neck, none had nodal involvement at staging, while more than half had progression in the neck despite no evidence of disease at the site of the original tumor. These findings indicate that neither absence of nodal disease on staging nor complete excision of the original tumor guarantees prevention of cervical metastasis.
Our study was limited by its retrospective nature. Also, although all patients had pathologic confirmation of cervical lymphadenopathy, not all nodes were resected in every patient (eg, RPNs were often spared in patients who also had anterior neck disease). The relatively small number of patients with lymphadenopathy prevents us from establishing precise percentages for characterizing the metastatic nodes, but multiinstitutional studies would be needed to produce a substantially larger sample of this rare disease.
CT, MR imaging, and PET/CT are complementary in the staging of ENB. CT provides the best information about invasion into bony structures such as the cribriform plate. MR imaging is superior in delineating the soft-tissue extent of the primary tumor, differentiating tumor from postobstructive inflammatory sinus disease, and detecting recurrent or metastatic disease at an early stage. 9 -11,22,24 PET/CT is most useful for detecting regional and distant disease. Nodal metastases in our series showed marked contrast enhancement in most cases. Although lymph nodes of Ͻ1 cm are generally assumed to be benign, strongly enhancing nodes in the setting of ENB should be considered suspicious. Purely cystic nodes are infrequent (we identified none in our series). Because metastatic nodes are almost always moderately to strongly FDG-avid, PET/CT is an appropriate method for detecting nodal metastases.
Conclusions
Regional metastases from ENB primarily drain to level II cervical nodes, with level I and level III nodes and RPNs frequently involved. Metastatic nodes from ENB most frequently are solid, enhance briskly, and have strong FDG avidity. Thus, PET/CT should be considered for the staging, restaging, and posttreatment surveillance of patients with ENB.
